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lnt eUi g en. Controi «f Receiver Linearity Based on Interferences 
TECHNICAL FIELD 

(CDMA) receivers. 

BACKGROUND 

* , * -ta ^^^^ 

^t^s^saUowsforoperanontn^noiseenvt— — 
. regardingCDMA systems is set forth in the weh-icnown IS95 aandard. 
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„ one mode of operation, an IS95 complran. CDMA system permit duplex 

— ionand.cepdonofanRPs^.Onep^ 

^^^^^^^^^^ 

eaose degradation in the received signal uuality and subsequent eall drop. 

^^^^^^^^^^ 

approach .0 overcoming to cross-modulation problem noted above. 

SUMMARY 

h . CDMA cellular telephone, is at low power levels of about 
20 RF communication system, such as a CDMA cellular p 
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,. f an RF receiver bv selectively increasing the effective IP3. 

intelligently controls the linearity of an RF receiver by se 

value of an LN A/mixer channel only when needed. 

ta particular, a control signal is generated based on mode of operation (power 

5 indicatedbyaTx — c gain control (AOC) signal; and teW .e received .ignalsteng., as 

■ t m>^ value of a LNA/mixer channel within the receiver in 
effective third-order intercept point (TP3) value ot a 

response to such determinations. 
. Uedetailsofoneormoreemboditnen^ofdietnven.ionarese.forthinnie 

DESCRIPTION OF DRAWINGS 

20 pic , isblockdiagnmof .nRF^ver in accordance with «te invention. 

n G.2isafiowchartshowu,g«teprefcrteddecisio„logicfor«hepresen t invention. 
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DETAILED DESCRIPTION 

antenna 100 transmits and receives RF signals. A duplexer 102 filters incoming (Rx) and 

■ ^.P^a.sloHocltnnwantedsl^andpassdesiredsign.s.^dnple.er,, 

. — ^^esRxsignalsfiotn 

— llLue^ermodme,.^.^ 
the antenna 100 to a receiver module lUb. 

■ "„TZ, 

10 in known fashion. 

^Uia^^.n^fil^-^-'---^'^ 

converter! vv Sector 1 1 4 The A/D converter and envelope 

analog-to-digital (A/D) converter and envelope detector 1 14. Th 

, a „ detecting me envelope of me Rx signal after dowrt 
sttengfir. The RSSI signal is generated by detecttng tn 

conversion, and is relatively fast in response. 
. TheoufpufofmeAOconvert, and enve.0, deledot U4 is con P .ed to a — 

CDMA processor 1 1 6 that preforms despreading by code correlation, CDMA pilot channel 
demodulation, and other known CDMA baseband processing functions. 



-4- 



PCT/US99/22130 

I 

WO 00/18023 

5 831,1 T.^*—— — — ° £ " toflte 

the RSSI signal and the Ec/lo signal 

, , , ■„ . T , A GC signal that is normally used to 
THetedo^ntofthcCDMAprocessotlW.aTxAa, gn 

. ^^nsthevalneofthaTxAGCsignalcanbenaedto 

control fine transmit channel ontpnt power. Urns, 

>„— ■ g.eenrrentontpnto^eh^n.UirenltU^an— e 
e m h„d.ment,dreL,neanty multiplexor coupled to several LNAs). In either case, 

theLinearity Control signal selecdvely changes *e effechve IP3 v 
channel of the receiver modu.e 106 only vrhennecded. 



Rx channel 
The 



DecM ic ^^^^.cUSia.oincreasetheeffecdvehnearityoffte 
, Thebasicp-uposeoftheDecs, ( ^ tto 

LNAlOSandmixerl.Owhenthetransceivertsntaduplcxm 

■ tsfl.beacdvOandinterferenceisde^d.andTxpowerishtgh.andKx 
receive circuitry must still be active;, «u 
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^, isl „w.F,0.2 iS af— « to ^-D-.I*H. te ^. 



invention 



normally would be repeated periodically. ^..^ 

^.a.whienpolat.hedeei.on.ogieiadoneford.ee^teyeleCSTBP^). 

rcTPP 204^ then further testing is needed to 
If the transceiver is in a receive mode (STEP 204), tnen 

, iU - „ n v „ lne ; s significant Accordingly, the Kbbi 
ta difference be.rveen.he RSSI value and theEe/Io value .ssrgm 

«d to determine if interferenee is present (STEP 212). If not, 
m d Ec/Io input signals are compared to determine 

• ..i„,„TP1LNA or decrease the LNAtouxer 
thentheLinearityControlsignalissettoselectalov.IPSLNA 

t ('STEP 206) at which point the decision logic is done for the current cycle 
channel bias current (STEP 20b), ai win v 

20 (STEP 208). , . ., 

t CSTEP 212) then an additional test is performed to determine if 
If interference is present (STEP tnen 

•V B h-inthe illustrated embodiment, a threshold value of 20 dBm is used as a 
the Tx power is high; in the niusudicu 
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• «* rnrrentlv high, then the Linearity Control 
i /ctpp 214^ If the Tx power is not currently mgn, 
comparison value (STEP Wii«. * 

isuS edasacomparisonvalue(STEP216).iiin 

v umrNAormcreasetheLNA/nuxetchamidbiascunent 

jadd^P*— — 

„. i( , „ . .79 dBm input signal level. These interference 

.„ which two interference tones are applied at 

. t, „., rtu-TNAaain is not important at tins 
.onescancaosein.bandspnrious^oences.However.UrelaSAg 

„• .vtoRxsignaJistestedtoseeifitisgreatertonabout-gSoBm 

Moh sienal level. Accordingly, the KX signal 

u •Hcmonico.Wlfno^endteUnearityCon.ro.signalrssetn. 

(this threshold value can be varied empirically) " 

„ ^meLHA/mixerchanne 1 biascurt=n«(STEP206),a.«hrch 
select a low IP3 LNA or decrease the LNA/mi 

* ^TFP 208\ Otherwise, the lima is. 
« pom.medeciaionlogicisdoneformecurten.cyc.e(STnP20 ) 

rorle, aPINdiodeJisswimhedinbeforetheLNA/mi.erchanne, 
bypassed or an attenuator (e.g-> a PIN a ^Tppooo) 

^^^^^^^^ Z 
^ ffective IP3valueofanLNA/mixerchannelonl y whenneeded, 

hv selectively increasing the effective If J vaiu 

eduo lex— c^ 
20 andthusimprovestalktimedunngduplexcomm 

^ nnwer is conserved since a high IP3 value neeu 
(9X idleorduplexc 0 mmunicationmodes),powerisco 

• h modes(eg sleep and FM modes). In one embodiment of the 
bemaintainedat a lltimesinsuchmodes(e.g.,si p 
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presence of interference on a received signal. 
Computer Implementation 

^.^^^ «—.—— 

•*u ™™,ter svstem In any case, the language may be a 
languages) to communicate with a computer system, in y 

;o r,r P fprablv stored on a storage 
. cutupiieu orinKtprefcd u^cEaCsuchoo^p-o^^lys 

^ OT ^(e,. R OKC D -KOM. t ape, M ^^) I - tel)y a^o r 

^p^se^— ■ — 
20 medium, coofiguied with a computer program, where the storage medium so configured causes a 



herein. 
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A num be r of ^ P-nt — have been deseribed. Nevertheies, i, 

ofth es te pss h ow„i=HG.2a ren o tS e q ue„eedepen< 1 e„ t , a nd«h US »a y bedonei I1 d ift e re », 
oMers.Acc.^y.oto^bcdimen^^^scopeomefoUowiaBC^ 
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WHAT IS CLAIMED IS: 

transceiver, including the steps of: 

• • •f^transceiverisinareceivemode.andifinterferenceispresentinthe 
(a) determining if the transceiver is m « 

" ithin the transceiver is high, and if receiver power 



receiver, and if transmit power; 
5 within the transceiver is low; and 

received signal strength. 
15 strength as a pilot signal-to-noise ratio, 

transceiver to a selected threshold value. 
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inctades the step of —6 a received signal strength information signal indicating.!* 

5 6 ^^^^^^^^^^^ 
includes the step of comparing a pilot signal-,o-noise ratio signal indicating the hue shength 
of a signal received by the transceiver to a elected threshold value. 

10 

g.Uememodofolam.l.v.heremconh.llmguteeffecriverPSvataeofnteLKA/mixer 
channel includes increasing bias cunent to the LNA/mixer channel. 

9 . TO eme m odofclaim 1 ,whereincon tt o 1I mgmce ff ecriveP3 value of the U<A/mixe, 
15 ^includes selecting^ of several LNAs having differing !P3 values. 

,0. A method for in«e.Ug=n,ly centrolling the linearity of a receiver in a radio frequency 
transceiver, including the steps of: 
(a) determining: 
20 (1) if the transceiver is in a receive mode; and 
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^eive, is signify gmater than the *- received sigtal sueogth; 
ratio signal to a selected threshold value; 

of determining the true received signal 



H. The method of claim 10, further including the step 
strength as a pilot signal-to-noise ratio. 

15 transceiver. 

. „ fc „,l» effective IK value of the LNA/mixer 
,3 The method of claim lO.wheremcontmlhngtheeffeeUv 

^elmelode.memasmgbiascormnt.ome^A/mixerchamtel. 
^^desseleoUogoneofsevet.LNAshavmgdiffeting^values. 
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OA — **-*—* .r.Wudinga.ceive.havingan.socia.ed^noise^lifier 
(LNAVn.ixer channel and a —en ana having intelligent connol of the line** — 
LNA/mixer channel, including: 

powerofarecaivedaigna^e^powof.hereceivedsignaj.andthe^tpower 

of the transceiver; 
(„) dacision.ogic^led^esignaip— 

^ apparentpoweroftherecaived signal andfe^powaroftha received^, and 
iftt ansrnhFOwerwito<he«^ 

^nsoeiver is low, and for generating a control signaJ in response to auah 
determinations; 

channel in response to the control signal, 
sip*, is si^canflygraarartonftamtapowcrofAaracaivei signal. 



10 



15 



2 „ „ M ^^*™^**** a -*'**'***' 

information signal. 
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information si 



gnal to a selected threshold value. 



5 



m output indicating the true power of a n 



eceiveu signal as a pilot signal-to-noise ratio signal. 



— ofe.ain.a^-^onlogicd.^if 
10 signal to a selected threshold value. 

gain control signal. 

15 • „ r ft f claim 21 wherein the decision logic determines if 

oo The radio frequency transceiver of claim zi.wn 

gain controlsignaltoaselected threshold value. 

transceiver of claim 15 , wherein the transceiver is a code division 
20 23. The radio frequency transceiver oi ci 

multiple access transceiver. 
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a circuit for increasing bias current to the LN A/mixer channei. 

^^^va.ueo^e^c^a^s.nae.otne^^ 
^^^^oneofseve^^having^^^ 

LNA/mixer channel, including: 

(a) ^^circui^^^gareeeWentoaefor^^ver^a^ 

• j.;™,l a 5aoilotsignal-to-noiseratiosigiial,and 
received signal strength of the recetved signal as a plot srgna. 

in response to determining: 
(1) if the transceiver is in a receive mode; and 

reiver is significantly ^eater than the true received signal strengfc 



10 



20 
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(3) 

^matiogainoonttolsignaltoaselectedflTesholdvalue; 
w ^verpo^thetBnsceW 

n „ise ratio signal to a selected threshold value; 

channel in response to the control signal. 

• Min,^ wherein the transceiver is a code division 
27. The radio frequency transceiver of claim 26, wherem the 

multiple access transceiver. 

^desached.forinoreaslngbra.currenttodreLNA/rnlxc.channeh 

„,, readable medium, for intelligently controlling 
30 Acomputer P rogram,rosidingonacomputer-readableme 

20 ^-.l W *^«W-•---' ^,,, ■ ,,-, ■ ,B • -, 
„ — — — — «— 

within the transceiver to: 
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„ ^ ^^^^^ 

receiver power within the transceiver is low; 

, • ♦ ,w«nmtaP3) value of the LN A/mixer channel 
(b) control the effective third-order intercept point (IP3) val 

response to such determination. 
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Select Hi IP3 
LNA or incr. 
LNA/mixer bias 
current 
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